We propose the signal 1b + 1l + N j + E T along with appropriate selection criteria for the LHC 7 TeV run, where the number of jets (N j ) is ≥ 2 or 4. These signals can complement the canonical Jets + E T signature since they are sensitive to the 
Introduction
The attention of the high energy physics community has been focussed on the prospects of new physics search at the CERN Large Hadron Collider (LHC) [1] . Supersymmetry (SUSY) [2] is perhaps the most well-motivated extension of the standard model (SM) which will be extensively scrutinized under the LHC microscope.
It is gratifying to note that the proton -proton collisions with stable beams became operational in 2010 at an energy ( √ s = 7 TeV) never attained by any accelerator before.
Moreover, the performance of the machine in the luminosity front during 2010 surpassed all expectations. As a result it now expected that the operations will continue till the end of 2012 at √ s = 7 TeV and the total luminosity collected is expected to be even of the order of 5 fb −1 . This is indeed an exciting news for the new particle search programme.
In some recent analyses [3, 4] the prospect of SUSY search at √ s = 7 TeV have been studied. It has already been shown by both ATLAS [5] and CMS [6] collaborations that even with L = 1 fb −1 the minimal supergravity (mSUGRA) model [7] can be probed in the Jets + missing energy ( E T ) channel much beyond the reach of similar searches at the Tevatron [8] . Nevertheless the reach at 7 TeV will be restricted to relatively low values of m 0 and m 1/2 .
Both the above analyses as well as many existing parameter space scans were carried out for a specific choice of the trilinear soft breaking term: A 0 = 0. However, it must be admitted that there is no compelling reason for the above choice. The mSUGRA parameter space with A 0 = 0 should be probed with equal emphasis after taking into account the constraints from the charge color breaking (CCB) minima [9] . Unfortunately Jets + E T signal -the main channel for SUSY search is rather insensitive to A 0 .
In this paper we wish to focus on the characteristic signatures of the mSUGRA model sensitive to non vanishing trilinear couplings (A 0 = 0). This will complement the Jets + E T signature and provide handles on hitherto unexplored regions of the parameter space.
There are several motivations for extending the analyses to this case.
• It is well known [10] that a significant fraction of the low m 0 − m 1/2 region of the mSUGRA parameter space sensitive to the LHC 7 TeV run with relatively low luminosities is disfavoured by the bound m h > 114. 4 GeV, where m h is the mass of the lighter scalar Higgs boson, obtained from LEP [11] . This is especially so if the mSUGRA parameter tanβ (to be defined below) is low. In contrast the small m 0 −m 1/2 region indeed opens up even for low tanβ for moderate to large negative values of A 0 [12] which yields larger radiative corrections to enhance the predicted m h . This point will be taken up in further details in the next section.
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• From the point of view of SUSY dark matter (DM) [14] , the zone of the parameter space thus revived is interesting [12] since in this zone neutralino annihilation (bulk annihilation) and/or neutralino-stau co-annihilation can explain the observed DM relic density of the universe as given by WMAP data [15] . In contrast for A 0 = 0, the parameter space compatible with the m h bound and DM data is restricted for m 1/2 > ∼ 500.
• For small m 0 and m 1/2 the signals involving isolated electrons and muons are sensitive to low values of tanβ. For larger values, the mixing in the stau sector increases leading to a mass eigenstate ( τ 1 ) much lighter than the other sleptons. is especially true in the low m 0 −m 1/2 region of the parameter space. As a result the electroweak gauginos decay dominantly into τ 1 and final states involving isolated e and/or µ are suppressed. It may be recalled that the D∅ collaboration has obtained the best limit on the charginoneutralino sector via the clean trilepton channel [16] for low tanβ (= 3). However, they have also taken A 0 = 0. As a results the entire parameter space sensitive to their search is strongly disfavoured by the m h bound from LEP.
The phenomenology of models with non-zero A 0 was discussed in details in [12] and subsequently in [4, 17] for both LHC 7 TeV and 14 TeV runs.The emphasis of our work is on SUSY signals at LHC 7 TeV, which are sensitive to A 0 and low values of tanβ. We shall also compare and contrast them with the corresponding signals for A 0 = 0 . A natural consequence of large negative A 0 is the existence of a lighter top squark mass eigenstate ( t 1 ).
It will therefore be important to look for the footprints of this squark in the LHC 7 TeV data in addition to the canonical Jets+ E T channel. The lighter top squark ( t 1 ) can be copiously produced in two ways: 4 The whole parameter space accessible to the 7 TeV run can be made consistent with the m h bound for A 0 = 0, if the mSUGRA model is extended, e.g., to contain four sequential generations of fermions and sfermions. Due to additional radiative corrections to m h from the fourth generation the theoretical prediction significantly increases [13] .
• Through direct t 1 t * 1 pair production. This signal could be important, e.g. , for reconstructing the top squarks mass using standard techniques.
• Through all possible squark-gluino pair (gg,qg andqq) production followed by the decayg → t * 1 ( t 1 )t(t). The above gluino decay has a large branching ratio (BR) over a large parameter space even if theg is heavier than all squarks, since t 1 could be much lighter than the other squarks as a consequence of large A 0 . For small tanβ the bottom squarks will be almost as heavy as the other squarks. Another source of t 1 is the decayb 1 → t 1 W where the initialb 1 's are obtained in the final states either from gluino decays (g → bb 1 ) or direct pair production.
We shall look into the following issues:
• The search prospect of the signal from direct t 1 t * 1 production if all other strongly interacting sparticles are beyond the reach of the 7 TeV run for low integrated luminosities.
We shall propose a signal sensitive to moderate to large values of A 0 and low tanβ.
• We next consider all squark-gluino pair production in mSUGRA including t 1 t * 1 production. If the total signal stands over the background, we shall look into the possibility of separating the events due to pure stop pair production from the squark-gluino events.
by introducing additional cuts. If the purity of the stop sample thus obtained, is reasonable, one can possibly use the standard techniques of sparticle mass measurement [18] to study the properties of the stop.
• Finally in order to exploit the large missing energy in a typical SUSY signal, we shall consider typical squark-gluino events subject to stronger cuts designed to eliminate the SM background. However, for reasons discussed above, even this signal will be rich in events containing one or more t 1 . We shall also compare this signal with the corresponding one for A 0 = 0. However filtering out t 1 t * 1 sample with a small contamination from squark-gluino events may not be feasible in this case .
The plan of the paper is as follows. In Section 2 we motivate a promising 1l + 1b + N j + E T signature sensitive to the magnitude of A 0 and small tanβ, where l = e, µ and N j stands for the number of jets, by introducing a set of benchmark points. In Section 3 we present a thorough analysis of the signal for N j ≥ 2 or 4 and the corresponding SM backgrounds by using the event generator Pythia (version 6.409) [19] and other supporting computational tools. Our conclusions and future outlooks are summarized in Section 4.
The Benchmark Scenarios
As discussed in the last section a possible way of identifying the regions of the mSUGRA parameter space with moderate to large negative values of the A 0 parameter is to look for the remnants of the lighter top squark in the LHC data. This of course depends on the decay mode of t 1 .
If t 1 happens to be the next to the lightest superparticle (NLSP) its dominant decay modes will be t 1 → c χ 0 1 [20] and t 1 → b χ 0 1 ff ′ [21] . The latter is particularly important at low tanβ. From the simulations at Tevatron energies it seems that the final states do not contain very hard particles while the missing energy [22] is relatively low . Consequently,the signals will be rather difficult to detect. The competition between the two modes further adds to this difficulty. We have checked that this is more or less true even at the LHC 7 TeV run.
Moreover, t 1 NLSP is not very common in mSUGRA. We shall not pursue this difficult search channel in this paper. A new channel for stop NLSP search has been proposed recently [23] .
If t 1 is heavier than the lighter chargino ( χ ± 1 ) , the mode t 1 → b χ + 1 and its charge conjugate process will be the main decay mode for the 7 TeV run. However, this mode may compete with the decay t 1 → t χ 0 1 for some regions of the parameter space corresponding to relatively heavy t 1 . We shall include both the competing modes in our analysis.
If there is no sfermion lighter than the chargino (i.e., in the chargino NLSP scenario), the latter decays into final states lν χ , where the fermion pair may come either from a real or virtual W (two body and three body decays). Sometimes the BRs of the leptonic three body decays of the chargino may be enhanced relative to the corresponding W decay BRs due to additional contributions from virtual slepton exchanges. This happens if there are relatively light sleptons in the spectrum. For small tanβ the BR of these decays involving the τ 's will be roughly the same as that for e and µ channels. Some of the benchmark scenarios illustrate these points.
There are two interesting signatures from the decay cascades sketched above which are initiated by the t 1 decays: b l j E T and l + l − j E T , where j stands for any number of jets. But the dilepton channel will be twice suppressed by the small leptonic BR. We have, therefore, looked for the 1l (e or µ) +1bjet(tagged) + N j (including untagged b jets) ≥ 2+ E T signal. [12, 17] . A similar analysis for the ongoing run is in progress.
The minimal supersymmetric extension of the standard model (MSSM) has too many free parameters due to unknown soft supersymmetry breaking terms. In this paper most of Table 1 . The sparticle spectra for the above 5 The sub-section 3.1 is an exception. 6 We have made this choice to be consistency with [12] as we have taken the WMAP allowed regions from this analysis. Admittedly this choice is slightly higher than the central value given by PDG(2010):
m t = 172 ± 0.9 ± 1.3. However, our choice is well within the 2σ limit of the central value which is acceptable.
scenarios are contained in Table 2 and ≥ 141 from Tevatron [16] although, strictly speaking, this bound is valid for A 0 = 0 and tanβ = 3 and for a specific model which maximizes the BRs of χ ± 1 and χ 0 2 into e and µ channels. It may also be noted that there are sizable differences in the radiative corrections to m h as computed by the different tools. For example ISAJET [26] gives m h larger by about +2 for the same mSUGRA parameters. Moreover, there is a ∼ 3 correction to m h due to yet unknown higher order effects [27] . In view of these uncertainties, the values of m h as given
We have checked that there is no major modification in our numerical results due to this. Table 2 : The sparticle spectra for the benchmark points BP1 -BP7.
in Tables 2-3 are compatible with the LEP bound.
The BRs of gluino, squarks and gauginos for the above BPs have been computed by SDECAY [28] and are presented in Table 4 and Table 5 .
As already noted the light stop signature can come both from direct stop pair production or via the decay of the gluino. In BP1 the direct stop pair production is sizable due to the presence of a very light stop (m t 1 = 175.3) and the bulk of the signal comes from them.
In contrast for BP2 and BP8 the corresponding masses are even lighter (m t 1 = 156.8 and , which reduces the b jet tagging efficiency. In such cases the main signal comes fromg → t 1 t.
The enhanced leptonic BR of χ ± 1 , as discussed above, for BP1, BP2 and BP8 should be noted. We stress that if direct t 1 t * 1 pair production is the main source of the signal (see section 3.1) this enhancement is necessary. In contrast if the signal stems from squark-gluino production followed byg → t 1 t (see section 3.2) then there are many sources of b-jets and Channels BP1 BP2 BP3 BP4 BP5 BP6 BP7 Table 5 : The same as in Table 4 but for points BP8-14.
In BP1, BP2, BP5-BP9 and BP12 mg > mq, whereq refers to squarks of both L and R types belonging to the first two generations. Hereg decays intoqq pairs of all flavours although the decays into the third generation dominate. In BP3, BP4, BP10, BP11, BP13
and BP14, mq > mg. As a result the gluino decays exclusively into the third generation squark-quark pairs. Thus inspite of somewhat heavier t 1 's, the signal may come from squarkgluino events.
In BP5, BP6, BP7 and BP9 the BR(g → t 1 t) is not very large as the gluinos are heavier than all squarks. Moreover, the BR of the two body decay χ + 1 → τ 1 ν τ is quite large: being 100%, 98.6%, 74.6% and 100% respectively. Lepton in such cases comes from t and, to a lesser extent, from τ decay. The scenario BP5 with low m 0 − m 1/2 has a light t 1 with mass ≈ 171. But in BP6 and BP7 the t 1 is significantly heavier. In spite of these unfavourable features of the chosen parameters we shall show that the signal can be obtained provided the selection criteria are carefully chosen.
In BP11, BP12, BP13 and BP14 the t 1 is comparatively heavy with mass between 300 -450. Here the decay channel of t 1 → t χ 0 1 opens up and contribute to the 1l + 1b+ E T signal. In summary, the observables like the production cross sections, the BRs of t 1 and gluino decays, the leptonic BR of the lighter charginos decays are chosen such that they vary between favourable and unfavourable values. Yet as we shall see in section 3 the proposed signal is viable over a large parameter space.
We have chosen tanβ = 5 for reasons . But we will see in Section 3.2 that even after relaxing this restriction, signals from squark-gluino events will still be observable at low integrated luminosities.
The Signal and the Backgrounds
In this analysis we have generated all squark-gluino events at √ s = 7 TeV using Pythia [19] .
Initial and final state radiation, decay, hadronization, fragmentation and jet formation are implemented following the standard procedures in Pythia. The lowest order squark-gluino production cross-sections have been computed by CalcHEP (version 2.5.6) [29] .
We have used the toy calorimeter simulation (PYCELL) provided in Pythia with the following criteria:
• The calorimeter coverage is |η| < 4.5. The segmentation is given by ∆η × ∆φ = 0.09 × 0.09 which resembles a generic LHC detector.
• A cone algorithm with ∆ R= √ ∆η 2 + ∆φ 2 = 0.5 has been used for jet finding.
• E signal and the dominant backgrounds. The SUSY spectrum is obtained from BP1.
Signature of direct stop pair production
In this sub-section we have concentrated on the signature from t 1 t * 1 pair production followed by cascade decays of both. This signature will be the main signature of SUSY if all strongly interacting sparticles except t 1 are beyond the reach of LHC 7 TeV at low luminosities.
Of course this scenario can not be realized in mSUGRA but is certainly possible in an unconstrained MSSM. It is, however, assumed that the masses and the BRs of the t 1 and the sparticles in the electroweak sector are as in mSUGRA (See Tables 2 -5 ). This ensures that bulk annihilation and/or stau-LSP co-annihilation produces the observed DM relic density [12] . We shall study in the next section the full consequences of mSUGRA when all sparticles are simultaneously produced . The point BP1 with the other squarks and gluinos are assumed to be heavy as discussed above, is a representative point for this analysis.
We have generated only t 1 t * 1 events using Pythia [19] . As already noted in Section 2 the BRs of the leptonic decays of the lighter chargino and the second lightest neutralino into leptonic channels containing the e and µ in this case are relatively high. This can naturally happen in any scenario with light sleptons. This scenario motivates the signal 1l + 1b + N j (≥ 2)+ E T . We have required the following selection criteria:
Lepton selection:
Leptons (l = e, µ) are selected with P T ≥ 10 and |η| < 2.4. For lepton-jet isolation we require ∆R(l, j) > 0.5. For the sake of simplicity the detection efficiency of e and µ are assumed to be 100%.
b-jet identification:
We have tagged b-jets in our analysis by the following procedure. A jet with |η| < 2.5 corresponding to the coverage of tracking detectors matching with a B-hadron of decay length > 0.9 mm has been marked tagged. This criteria ensures that single b-jet tagging efficiency (i.e., the ratio of tagged b-jets and the number of taggable b-jets) ǫ b ≈ 0.5 in tt events. In Fig. 1 we have presented the P T distribution of the isolated lepton (right) and the tagged b-jet (left) for t 1 t * 1 events for BP1 scenario along with the dominant backgrounds. The following cuts, henceforth referred to as Set 1, are implemented for background rejection :
• We have selected events with one isolated lepton (cut 1).
• We have selected events with one tagged b jet (cut 2).
• Events with at least 2 jets are selected (cut 3). This is motivated by Fig. 2 
(left).
• Events with missing transverse energy ( E T ) ≥ 75 are selected (cut 4). It is to be noted that the signal has relatively low E T (see Fig. 2 (right) ).
• We have also demanded events with P T tagged b jet ≤ 80 (cut 5). This is motivated by Fig. 1 (left) ) and rejects the background from tt events quite efficiently.
We have considered the backgrounds from tt, QCD dijet production, W + n-jets events, where W decays into all channels.
We have generated tt events using Pythia and the leading order (LO) cross-section has been taken from CalcHEP which is 85.5 pb. We have generated QCD di-jet processes by Pythia in differentp T bins : 25 ≤p T ≤ 400 , 400 ≤p T ≤ 1000 and 1000 ≤p T ≤ 2000 , wherep T is defined in the rest frame of the parton parton collision. The main contribution comes from the lowp T bin, which has a cross-section of ∼ 7.7 × 10 7 pb. For the other bins the backgrounds are negligible.
For W + n-jets backgrounds we have generated events with n = 1 and 2 at the parton level using ALPGEN (version 2.13) [30] . We have generated these events subject to the condition P j T > 20 , ∆R(j, j) ≥ 0.3 and |η| ≤ 4.5. These partonic events have been fed to Pythia for parton showering, hadronization, fragmentation, decays etc.
All pair production cross-sections (except for the QCD processes) are computed in the leading order setting both the renormalization and factorization scale equal,
where M is the mass of the particle or sparticle produced and using CTEQ5L PDFs [31] .
For example, for top and stop pair production the scale is set at m t and m t 1 respectively.
For QCD events the scale has been chosen to be equal to √ŝ . For final states containing particles having unequal masses the scale is set at the average mass of the pair.
In Fig. 3 we delineate the regions on the m 0 − A 0 plane which are accessible to the signal from t 1 t * 1 pair production only corresponding to different integrated luminosities. The parameters used to generate the stop and the electroweak sectors are m 1/2 = 195, tanβ = 5 and sign(µ) > 0. As already mentioned other strongly interacting sparticles are assumed to be beyond the reach of LHC 7 TeV run.
We have assumed that a signal is observable if S/ √ B ≥ 5, where S (B) are the number of signal and background events respectively. In the pink region the signal from t 1 t * 1 events alone will stand over the background. For example, the number of signal events after Set 1 The SM backgrounds for this set of cuts are given in Table 6 . However, the signals presented in the first four columns of this table will be discussed in the next section. can be probed by the 1l + 1b + N j (≥ 2)+ E T signal from direct t 1 t * 1 pair production only (Section 3.1) for L = 1 (pink region) and 2 (blue region) fb −1 .The green (red) region is sensitive to the same signal from all squark-gluino events for L = 1 (2) fb −1 (see Section
3.2).
Using the estimated backgrounds in Table 6 , the significance (S/ √ B) for the above range varies between 5.0 to 6.2. This estimate is, however, conservative. If we compute the the next to leading order (NLO) cross-sections using PROSPINO [32] and CTEQ5M PDF we get a K-factor of 1.7. We do not know all the background cross-sections at the NLO level at 7 TeV. However, even if our total background estimate is smaller by a factor of two (three),
we would get a better (nearly equal) significance at NLO. 
Signals from Squark-Gluino events
A much larger region of the parameter space can be scanned through all squark-gluino events.
We have generated these events at E CM = 7 TeV using Pythia [19] . The points BP1 -BP4 are the representative points for this analysis.
The efficiencies of the cuts belonging to Set 1 for these points are shown in Table 6 along with the SM background. The main source of 1l + 1b + N j (≥ 2)+ E T signal is the decaỹ g → t 1 t. In last row of Table 6 However, these events cannot be directly used for studying the properties of t 1 . We now apply additional cuts so that the signal from direct stop pair production can be isolated from the squark-gluino events.
For the next part of the analysis we assume that the SM background can be accurately estimated either from the data or by using improved higher order calculation of the respective cross-sections and can be subtracted out. In addition to the cuts belonging to Set 1 we impose the following requirements on all squark-gluino events.
• N central−jet ≤ 4, where central jets have |η| ≤ 2.5 .
• The effective mass (M ef f )≤ 500, where
Both the above cuts eliminates bulk of the squark-gluino events while leaving the events from direct stop pair production relatively unaffected. These two cuts along with those belonging to cuts of Set 1 define the Set 2 of the cuts. The results are summarized in Table   7 for different mSUGRA points taken from different regions of Fig. 3 . The last two columns
give number of all squark-gluino events after the cuts of Set 1 and Set 2 for L = 1 fb −1 .
The columns 3 and 4 give the corresponding number of events from stop pair events only.
Comparing columns 4 and 6 we find that after Set 2 cuts about 80 % of the remaining events are from t 1 t * 1 production. It will be interesting to see whether t 1 mass can be reconstructed from such samples using the standard procedures [18] . It is important to note that the purity of the t 1 t * 1 sample increases as the q and g masses increase.
Points Table 7 : Separation of t 1 t * 1 events from all squark-gluino events for points selected from Fig.  3 .
The missing energy spectrum of the signal from direct t 1 t * 1 production is weak (Fig. 2  (right) ). Butq-g events in general will have high E T and more number of jets. Thus, a new set of cuts has been designed to look for a more generalized signal -1l + 1b + N j (≥ 4)+ E T .
The following new cuts, collectively called Set 3 are implemented for background rejection:
• We have selected events with one isolated lepton (cut 1 ′ ).
• We have selected events with one tagged b jet (cut 2 ′ ).
• Events with at least 4 central jets are selected, where central jets are defined as pycell jets with |η| ≤ 2.5 (cut 3 ′ ).
• Events with missing transverse energy ( E T ) ≥ 200 are selected (cut 4 ′ ).
• Events with M ef f ≥ 600 are selected (cut 5 ′ ). All possible SM backgrounds as listed in the previous section have been computed with these revised cuts. In Table 8 and Table 9 Table 9 : Same as Table 8 but for BP5-14 for cuts in Set 3.
last row of Table 8 and 9 for different benchmark points. In Fig. 4 the blue (grey) region yield observable signals in this channel for L = 1 fb −1 (2 fb −1 ). The relative strong cuts, however, eliminate a large fraction of the events from direct t 1 t * 1 production and reconstruction of t 1 mass is not possible.
Finally to compare the 1l + 1b + N j (≥ 2)+ E T signal and the 1l + 1b + N j (≥ 4)+ E T signal with the canonical Jets+ E T signal, we compute the latter signal using the cuts from [5] . The selection criteria, hereby called Set 4 are as follows :
• Events with isolated leptons with P T ≥ 10 are rejected.
Set 1 Set 3
Set 4 Table 10 : The number of squark-gluino events in three different channels for L = 1fb −1 with A 0 = 0 and A 0 = 0 : i) the channel 1l + 1b + N j (≥ 2)+ E T using the cuts in Set 1(columns 2 and 3), ii)the channel 1l + 1b + N j (≥ 4)+ E T using the cuts in Set 3(columns 4 and 5) and iii)the jets+ E T channel using the cuts in Set 4(columns 6 and 7).
• Events are selected with N j ≥ 2.
• We further demand events with P j1 T ≥ 70 and all other jets with P T ≥ 30.
• Events with E T ≥ 40 are selected.
• We select events with ∆φ( E T , j i ) > 0.2.
• The selected events must have the ratio of E T and M ef f greater than 0.3.
In Table 10 A larger parameter space consistent with the WMAP data which yields the signal can be found if the A 0 and tanβ are allowed to vary. In [12] the region of the mSUGRA parameter space consistent with WMAP data for other choices of the above two parameters were also identified. In Table 11 we present several such points. The corresponding signals are computed subject to the cuts of Set 3. We also present the significance of each signal for should be large. Additional interest in this region stems from the fact that here LSP bulk annihilation and/or stau-LSP co-annihilation may produce the observed dark matter relic density. If SUSY is discovered during the early runs at 7 TeV, the validity of mSUGRA can be tested if some additional information on A 0 and tan β is available.
The canonical Jets+ E T signature, however, is not very sensitive to A 0 . In this paper we suggest the signature (blj E T ) which is sensitive to moderate and large values of A 0 and low tanβ and can complement the canonical signal. This signal may arise either from direct t 1 t * 1 pair production or fromg →t 1 t provided t 1 is much lighter than all other squarks. This naturally happens in models with low tanβ and large A 0 .
In Section 2 we have motivated this signature by introducing several benchmark points.
Some of the chosen points have features which naturally ensure a strong signal. Some, on the other hand, are selected such that one or more of the above features are absent, leading to relatively weak signals. Next we scan over the parameter space containing these points and analyze the visibility of the signal during 7 TeV run.
In Section 3 we examine the proposed signals. In 3.1 the blj E T signal with N j ≥ 2 from direct t 1 t * 1 pair production has been studied with the assumption that all other strongly interacting sparticles are beyond the reach of the ongoing run at low luminosities. Using the Set 1 of cuts (Section 3.1), we estimate that m t 1 < 192(220) can be probed with L = 1fb −1 (5fb −1 ) (See Fig. 3 ). We stress that these estimates based on the LO cross-sections are conservative. Better mass reach is likely to follow by using the NLO cross-sections as discussed in the text. As pointed out at the end of the Section 3.1, certain departures from the sparticle spectrum of mSUGRA may make the t 1 search prospect even better.
A much larger region of the mSUGRA parameter space can be scanned by analyzing all squark-gluino events using the Set 1 of cuts (Section 3.2). This is illustrated in Fig. 3 and   4 (see also Tables 6).
In order to study the properties of t 1 we suggest a procedure for filtering out the t 1 t * 1 events from all SUSY events using the Set 2 of cuts introduced in Section 3.2 . We find that nearly 80% pure t 1 t * 1 sample can be separated by this method (see Table 7 ). It will be interesting to see whether m t 1 can be reconstructed by using the standard procedures [18] and this will be applicable for higher sparticle masses within the reach of LHC 14 TeV runs.
Our results, however, indicate that the filtering could be more efficient for heavier squarks and gluinos.
The directly observable t 1 t * 1 events has a rather soft E T spectrum. Thus a strong E T cut -a very potent tool for suppressing the SM background -can not be fully utilized. We have shown that by using stronger cuts (Set 3) a much larger region of the m 0 -m 1/2 space can be probed via all the squark-gluino events and the presence of the underlying non-zero trilinear coupling can be traced. Using the Set 3 of cuts in Section 3.2 the parameter space delineated in Fig. 4 can be probed by the 1l + 1b + N j (≥ 4)+ E T signal (see also Table   8 -9) . It is interesting to note that several parts of the parameter space with A 0 = 0 yield relic densities consistent with WMAP data as well as observable signals (see Table 11 ).
Finally in Table 10 we compare the 1l + 1b + N j (≥ 2)+ E T signal using the Set 1 of cuts for vanishing and non-vanishing trilinear couplings (see columns 2 and 3). The same comparison for the 1l + 1b + N j (≥ 4)+ E T using the Set 3 of cuts is also presented in the same table (see columns 4 and 5). It is clear that both the signals are rather sensitive to the value of A 0 . In the last columns of this table we present the canonical Jets+ E T signal for the above two choices of A 0 . We find that -as expected -the signal is more or less insensitive to A 0 . More importantly the ratio of various observables in Table 10 are insensitive to a large extent to the theoretical uncertainties like the choices of the QCD scale.
We believe that if SUSY is indeed discovered in the Jets+ E T channel, the signal proposed in this paper may provide complementary information about the trilinear coupling in the mSUGRA model for both 7 TeV and 14 TeV runs. It may, however, be argued that the Jets+ E T signature is fairly insensitive to A 0 and tanβ 7 . With this approximation the parameter spaces with A 0 = 0 sensitive to our signals can be examined in the light of the CMS exclusion plot.
Most of the parameter space sensitive to the 1b+1l+N j (≥ 2)+ E T signal arising from all squark-gluino production (see the green and red regions of Fig. 3 and Fig. 4 ) is disfavoured by the CMS exclusion plot. However, the separation of the stop signal from squark-gluino events as discussed here could be useful in future. Finally a large region sensitive to the 1b + 1l + N j (≥ 4)+ E T (see blue and grey regions of Fig. 4 ) survives the CMS exclusion plot.
Subsequently the ATLAS collaboration published a similar exclusion plot using the 1l + jets+ E T data based on the same set of mSUGRA parameters disfavoured by the m h bound
[37]. Apparently their observed limits are stronger than the corresponding CMS exclusion.
This result is very different from the expectations based on earlier experiments or simulations.
A closer scrutiny, however, reveals that they have observed 1 event each for the e and the µ channels against backgrounds of 1.81± 0.75 and 2.25 ± 0.94 respectively. This signal deficit which could be due to fluctuations in a low statistics experiment is one of the reasons for their stronger limits 8 . We are of the opinion that at this stage of the LHC experiment emphasis should be given on the expected limit or the median expected limit of [37] both of which yield much weaker exclusion almost similar to the CMS result [34] .
As discussed in the introduction, the signals involving e or µ are very sensitive to tanβ and is strictly valid for low tanβ only. This point has recently been emphasized in [12, 38] .
However the very recent ATLAS exclusion plot using the jets+ E T data [35] is somewhat 7 The last two columns of Table 10 support the observation. For a recent illustration of this point see the analysis of the Jets+ E T data by the ATLAS Collaboration [35] . See also Fig. 1 (right) in [36] . A part of this paper generalizes the ATLAS exclusion plots for large tanβ and A 0 .
stronger than the corresponding CMS plot. This will exclude more blue and grey regions sensitive to the 1b + 1l + N j (≥ 4)+ E T signal in Fig. 4 . Nevertheless a sizable parameter space, the large m 0 part of it in particular, survives this exclusion.
